Chronic obstructive coronary disease (COPD) is characterized by persistent respiratory symptoms and airflow limitation due to airway and/or alveolar abnormalities ([@B1]) and is recognized as a multicomponent disorder that can pre-dispose to many inflammatory complications. The most important systemic conditions associated with COPD are cardiovascular diseases (CVDs). Observational studies have shown that cardiovascular (CV) morbidity and mortality rates are more than double in the COPD cohorts compared with the general population ([@B2], [@B3]). They also found that during an acute exacerbation of COPD, patients are particularly vulnerable to major adverse cardiovascular events (MACEs) such as CV death, myocardial infarction (MI), stroke, heart failure, unstable angina, and transient ischemic attack (TIA). On the other hand, traditional CV risk factors such as smoking, hypertension (HTN), hyperlipidemia, diabetes mellitus (DM), air pollution, and physical inactivity are highly prevalent in patients with COPD, and they could contribute to COPD progression as well as aggravation of the MACEs. In the National Health and Nutrition Examination Survey (NHANES) study, adding global CV risk scores to COPD severity showed a 17.1% net reclassification improvement in predicting mortality in COPD patients due to CV events ([@B4]).

The exact mechanism by which COPD enhances risk of MACEs is not completely clear, but could be explained by airway and systemic inflammation resulting in over spilling of inflammatory cytokines in circulation leading to atherosclerosis. Also, COPD patients frequently demonstrate myocardial inflammation, arterial stiffness and endothelial dysfunction, intensified during acute exacerbations, possibly owing to "blood" inflammation and elastin degradation ([@B5]--[@B7]). Moreover, patients with COPD experience dynamic (and even static) hyperinflation, which may increase end diastolic pressures in the heart, and impair both right and left ventricular contractility that can further increase CV risk ([@B8]).

Nevertheless, there is evidence that a better control of CV risk factors can decrease probability of developing MACEs later in life, regardless of individual background, and it also can reduce COPD prevalence. According to our recent study with Life\'s Simple 7 scores in COPD, those with higher scores had better lung function and reduced COPD prevalence ([@B9]). Therefore, a better control of CV factors should be more emphasized in COPD patients as it could beneficially affect both CVD and COPD outcomes.

Prevalence and Incidence {#s1}
========================

COPD is one of the few chronic diseases whose mortality and morbidity rates are increasing worldwide. According to the World Health Organization (WHO), in 2016 there were 251 million cases of COPD across the world ([@B10]). In the US, during 2014-2015, the prevalence of COPD was 5.9% (15.9 million) ([@B11]). Stratified by age groups, 2.1% of persons aged 18--24 years old were diagnosed with COPD, 2.5% of adults aged 25--34, 3.4% of adults aged 35--44 years old, 6.5% of those aged 45--55, 9.6% of those aged 55--64, and 12.5% of adults aged 65 or older ([@B11]). Data from a study of 6,266 individuals, who participated in the NHANES III (1988-1994), found that the prevalence of mild COPD was 12.1%, moderate 8.7%, and severe 1.7%, respectively ([@B4]). Despite the high prevalence of COPD, millions of people, especially during early or mild stages of COPD, are unaware of their disease. According to the US Department of Health and Human Services, \~50% of Americans who may have COPD remain undiagnosed ([@B12]). A systematic review found that the crude prevalence of CVD in COPD patients ranges from 28 to 70% ([@B13]). Depending on the study, the prevalence of ischemic heart disease in COPD patients ranges from 20 to 60%, heart failure 10--30%, arrhythmia 10--15%, and stroke ranges from 10 to more than 20% in hospitalized COPD patients ([@B14]). In the Study to Understand Mortality and Morbidity (SUMMIT), among 16,485 participants with FEV~1~ between 50 and 70% of predicted and high risk or history of CVD, but not severe heart failure, during 1.5 years follow-up, 28.5% of participants had at least one acute exacerbation of COPD and 4.2% of participants had at least one MACE. The highest incidence of MACEs, 26.7 per 100 patient-years, was noticed in the first 30 days after a hospitalized COPD exacerbation. Among those with MACEs, the CV deaths were noticed in 39.4% of patients, MI in 25.1% of patients, stroke in 18.5% of patients, unstable angina in 12% of patients, and TIA in 5% of patients ([@B15]). In another study, of the 25,857 patients with COPD who entered in the Health Improvement Network database, after COPD exacerbation, the incidence of MI was 1.1 per 100 patient-years, the risk for MI was increased by 2.27 times within 1--5 days, and the risk for stroke was increased by 1.26 times within 1--49 days ([@B16]). Rothnie et al. found that incidence rate ratio for MI was 2.58 for severe exacerbations of COPD and 1.58 for moderate exacerbations of COPD ([@B17]). In the Rotterdam study, among 13,471 individuals aged at least 45 years admitted in study, there were 12% of patients with COPD and 4.1% who suffered sudden cardiac deaths (SCDs). After 2,000 days of follow-up, the patients with COPD, compared to those without COPD, had a double risk of SCD, and the patients with frequent exacerbation of COPD had more than a triple risk of SCD ([@B18]).

Risk Factors for MACEs in COPD {#s2}
==============================

According to the most recent studies, COPD is an independent risk factor for CVD ([@B19], [@B20]). The acute exacerbations of COPD highly increase risk of MACEs. CV risk factors, which are well-established in inducing CVD and MACEs, are highly prevalent in COPD patients ([@B15]), and they also could contribute to COPD progression and exacerbations.

However, data on how risk factors can trigger MACEs after COPD exacerbation are limited. Van Eeden et al. describe some possible pathways by which risk factors that produce chronic lung inflammation could lead to CVD, and by which those that induce acute lung inflammation could lead to MACEs ([@B21]). According to their theoretical model, risk factors such as smoking, air pollution, and chronic infections could lead to lung inflammation mediated by macrophage and airway epithelial cells. The inflammatory mediators from lung tissue can flow in systemic circulation and lead to atheromatous plaque initiation, progression and destabilization, and CVD. In addition, an acute lung injury could further increase inflammatory markers, reactive oxidative species (ROS), and oxidized low-density lipoproteins (Ox-LDL), which lead to plaque destabilization as well as endothelial activation and dysfunction responsible for MACEs (increased endothelial permeability and endothelin-1, decreased vasodilatation and nitric oxide) ([@B21]).

Although multiple studies have tried to validate markers with clinical relevance in COPD patients, the results are inconsistent. However, according to a systematic review and meta-analysis, the shorter 6-min walk distance, high heart rate, fibrinogen, CRP, and white cell count were correlated with clinical outcome in patients with stable COPD ([@B22]). Another meta-analysis found that COPD exacerbation was constantly associated with increased CRP, and infrequently associated with IL6 and TNF-α ([@B23]). A systematic review noticed that fibrinogen, IL6, CRP, and total bilirubin are the most predictive markers of mortality in COPD mortality ([@B24]). Adamson et al. found that plasma cardiac Troponin I is a specific marker for future MACEs and CV deaths in patients with COPD and CV risk ([@B25]). Zagaceta et al. concluded that the most non-invasive marker that predicts MACEs in COPD is coronary calcium calcification ([@B26]). Bhatt et al. observed a positive correlation between coronary artery calcification, centrilobular emphysema, and increased plasma of CPR, fibrinogen, MMP3, CXCL9, and VCAM1, and decreased plasma CXCL5 ([@B27]).

In the following article we will focus on epidemiology and mechanisms through acute exacerbation of COPD and specific risk factors common to CVD and COPD may increase risk of MACEs in patients with COPD ([Figure 1](#F1){ref-type="fig"}; [Tables 1](#T1){ref-type="table"}--[3](#T3){ref-type="table"}).

![Risk factors for COPD and CVD associated with major cardiovascular events. CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease; MI, myocardial infarction; TIA, transient ischemic attack.](fcvm-06-00079-g0001){#F1}

###### 

Pathophysiology of risk factors for CVD, COPD, and MACEs.

  **Risk factors**             **Pathophysiology**
  ---------------------------- ------------------------------------------------------------------------
  Acute exacerbation of COPD   Multifactorial (viruses, bacteria, smoking, air pollution, GERD)
                               Initiates the inflammatory milieu
                               Atheromatous plaque destabilization
                               Induces arterial stiffness and myocardial inflammation
  Smoking                      COPD progression and exacerbation
                               Atheromatous plaque initiation, progression, and destabilization
                               Diminishes transcription factor FOXP3 with role in T cell development
                               Reduces cilia, stimulates macrophages
                               Promotes the hypercoagulation state, activates plateles
                               Accentuates endothelial dysfunction
                               Increases ox-LDL
                               May also have anti-inflammatory effect
  Air pollution                Atheromatous plaque initiation, progression, and destabilization
                               Contibutes to COPD progression and exacerbation
                               Increases inflammation
  Hyperlipidemia               Atheromatous plaque initiation, progression, and destabilization
                               Ox-LDL activates transcription factors involved in COPD pathogenesis
                               Ox-LDL increases chemotaxis of neutrophils, eosinophils, and monocytes
                               Ox-LDL increases pro-inflammatory cytokines
                               OxLDL increases ROS production
  Diabetes mellitus            Increases systemic inflammation and oxidative stress
                               May cause direct damage by hyperglycemia
                               Involved in myocelular hypertrophy and fibrosis
  Hypertension                 Induces structural alterations of the left ventricle and atrium
                               Induces vascular system alterations
                               Atheromatous plaque progression
                               Increases ROS via NADPH oxidase stimulated by angiotensin II

*COPD, chronic obstructive disease; GERD, gastroesophageal reflux disease; Ox-LDL, oxidized low-density lipoprotein; ROS, radical oxygen species*.

###### 

Evidence of risk factors that could contribute to MACEs.

  **Risk factors**     **References**                              **Study design**               **Findings**
  -------------------- ------------------------------------------- ------------------------------ --------------------------------------------------------------------------------
  COPD exacerbations   Kunisaki et al. ([@B15])                    Cohort analysis                3.8 HR for CVD events 30-day post-exacerbation
                       Kunisaki et al. ([@B15])                    Cohort analysis                9.9 HR for CVD events 30-day post-hospitalized exacerbation
                       Donaldson et al. ([@B16])                   Retrospective                  2.27 higher MI risk 1 to 5 days post-exacerbation
                       Donaldson et al. ([@B16])                   Retrospective                  1.26 higher stroke risk 1 to 49 days post-exacerbation
                       Rothnie et al. ([@B17])                     Retrospective                  2.58 incidence rate ratio for MI, severe exacerbation
                       Rothnie et al. ([@B17])                     Retrospective                  1.58 incidence rate ratio for MI, moderate exacerbation
  Smoking              Hackshaw et al. ([@B28])                    Meta-analysis                  RR of CHD, 1 cigarrete/day: 1.74 for men, 2.19 for women
                                                                                                  RR of CHD, 20 cigarretes/day: 2:27 for men, 3.95 for women
                       Center for disease control and prevention                                  Risk of CHD mortality: increased by 4 times for men, 5 times for women
                                                                                                  Risk of COPD mortality: increased by 17 times for men, 12 times for women
                       Mulpuru et al. ([@B29])                     Prospective, multicenter       Smokers with COPD exacerbations: double risk for ICU admision
                       Lubin et al. ([@B30])                       Prospective cohort             RR for CVD: higher with duration vs. qauntity smoked/day
                       Bhatt et al. ([@B31])                       Cross-sectional, multicenter   RR for COPD: higher with duration vs. pack-years index
  Air pollution        World Health Organization ([@B32])                                         Causes 7 mil. deaths worlwide: 58% CVD and 18% COPD
                       Pope et al. ([@B33])                        Prosective cohort              1.34 HR for CVD mortality with long-term exposure to PM2.5
  Hyperlipidemia       Bartlett et al. ([@B34])                    Prosective cohort              1.3 OR for CVD with low HDL-C+TG or LDL ≥ 100 mg/dl
                                                                                                  1.6 OR for CVD with low HDL-C+TG and LDL-C ≥ 100 mg/dl
                       Tipping et al. ([@B35])                     Meta-analysis                  1.13 RR for CHD/3.5-fold higher usual Lp(a)
                       Shen et al. ([@B36])                        Prospective cohort             Increased serum Ox-LDL in COPD patients vs. controls
                       Basil et al. ([@B37])                       Cross-sectional                COPD vs. controls: no diference in TC, HDL-C, LDL-C and TG
                                                                                                  COPD patients: lower Apo B-100 and Lp(a)
                       Chan et al. ([@B38])                        Retrospective                  Hyperlipidemia+COPD: 0.64 HR for mortality
  Diabetes mellitus    Baigent et al. ([@B39])                     Meta-analysis                  Increases CVD mortality by 2--6 times
                       Peters et al. ([@B40])                      Systematic review              CHD risk higher for women vs. men with DM
                       Mulpuru et al. ([@B29])                     Prospective                    COPD exacerbation+DM with end organ complication: 3.5 OR for ICU admission
                                                                                                  COPD exacerbation+DM without end organ complication: 1.7 OR for ICU admmission
  Hypertension         Lawes et al. ([@B41])                                                      Causes 47% of all CHD and 54% of all stroke
                       Lewington et al. ([@B42])                   Meta-analysis                  Double CVD mortality with every 20 mmg over BP of 115/75

*COPD, chronic obstructive pulmonary disease; CVD, cardiovascular disease; CHD, coronary heart disease; LDL, low-density lipoprotein; HDL, high-density lipoprotein, HR, hazard ratio; RR, relative risk; WHO, World Health Organization*.

###### 

Benefits of controlled risk factors for CVD, COPD, and MACEs.

  **Prevention**                 **Benefits**                                                             **References**
  ------------------------------ ------------------------------------------------------------------------ ----------------
  Influenza vaccination          30% decreased risk of MACEs over 1 year                                  ([@B43])
  Pneumococcal vaccination       14% decreased risk of MACEs                                              ([@B44])
  Prophylactic antibiotherapy    33% reduction in frequency of COPD exacerbations/person/year             ([@B45])
                                 No significant effects on severe adverse events or all cause-mortality   ([@B45])
  Smoking cessation              32% decreased risk of death or recurrent MI                              ([@B46])
                                 35% decreased risk of death or heart failure hospitalization             ([@B46])
                                 37% at 1 year and 62% at 3 years decreased risk of CHD mortality         ([@B47])
                                 16% decreased risk of COPD exacerbations after 5 years of cessation      ([@B48])
                                 35% decreased risk of COPD exacerbations after 10 years of cessation     ([@B48])
  Improved cookstoves            36% decreased risk of COPD in women                                      ([@B49])
  LDL-C control                  22% reduction in MACEs/1.0mmol/L LDL-C reduction                         ([@B39])
  Tight glycemic control         42% decreased risk of any MACEs                                          ([@B50])
                                 57% decreased risk of nonfatal MI, stroke, or death from CVD             ([@B50])
  Tight blood pressure control   50% decreased risk of heart failure                                      ([@B51])
                                 30--40% decreased risk of stroke                                         ([@B51])
                                 20--25% decreased risk of MI                                             ([@B51])

*CVD, cardiovascular disease; COPD, chronic obstructive pulmonary disease; MACEs, major adverse cardiovascular events; CHD, coronary heart disease; MI, myocardial infarction; LDL, low-density lipoprotein*.

Acute Exacerbation of COPD {#s3}
==========================

Acute exacerbation of COPD seems to play the key role in initiating of MACEs in COPD patients. In the SUMMIT trial, the risk of MACEs was increased by ten times in the first 30 days after an acute exacerbation of COPD that required hospitalization ([@B15]). Although viral and bacterial respiratory infections account for 70--80% of COPD exacerbation ([@B52]), other risk factors are air pollution ([@B53]), low temperature ([@B54]), and gastroesophageal reflux disease ([@B55]). History of frequent exacerbations in the previous year, female sex, depression, smoking, high COPD grade, influenza virus detections rate, and low temperature are associated with developing future exacerbations ([@B54], [@B56]). According to a review, respiratory viruses are presented in 22--64% of COPD exacerbations, and dual viral-bacterial infection in 6.5--27% ([@B57]). A recent study found that the most common viruses associated with hospitalized COPD exacerbations were Influenza A (31%), Rhinovirus (24%), and respiratory syncytial virus A/B (17%) ([@B58]). The recent profile of bacterial infection in acute exacerbation of COPD is slightly variable geographically. The most isolated bacteria in a study from Spain were *Pseudomonas aeruginosa* (30.7%), *Streptococcus pneumoniae* (26.1%), *Enterobacteriaceae* (20.4%), *Haemophilus influenzae* (15.9%), and *M. catarrhalis* (6.8%) ([@B59]). The most identified bacteria in a study from Korea were *P. aeruginosa* (13.0%), *S. pneumoniae* (11.4%), and *H. influenzae* (5.3%) ([@B60]).

A characteristic feature of acute exacerbation of COPD is increasing pulmonary inflammation that can "spill out" into systemic circulation and trigger MACEs. Patel et al. noticed that COPD exacerbations, especially those caused by airway infection, were associated with acutely increased arterial stiffness related to inflammation that declined slowly over a more-than-5-week recovery period. They also found that arterial stiffness was higher in patients in stable state of COPD who had frequent exacerbations ([@B6]). Kwong et al. found that the incidence ratio for MI was higher in the first 7 days after laboratory-confirmed respiratory viral infection ([@B61]), although other studies noticed that depending on infection severity, the risk of MI can be increased for a period of months, even up to 10 years, especially after respiratory infections ([@B62]). Post-mortem studies in humans observed that the atherosclerotic coronary arteries displayed more inflammatory cells after an acute systemic infection ([@B63]). Jaw et al. established a novel murine model of atheromatous plaque destabilization by administering lipopolysaccharide directly into the lungs of male mice, which reproduced an acute infection with Gram-negative bacteria ([@B64]). The signs of plaque destabilization such as hemorrhage and thrombus formation occurred as early 8 h in 68% of mice exposed to lipopolysaccharide and only in 12% of mice exposed to saline. It was also noticed that plaque vulnerability and rupture was prevented if the mice were depleted of circulating neutrophils before lipopolysaccharide administration, which revealed the key role of neutrophil from lung injury in pathogenesis of acute atheromatous plaque rupture ([@B64]).

A proven strategy to prevent severe COPD exacerbations and MACEs is influenza vaccination. A national multicenter prospective cohort study using data from the Canadian Immunization Research Network Serious Outcomes Surveillance (SOS) found that, among patients with COPD, vaccinated individuals compared to unvaccinated patients have a 38% reduction in influenza-related hospitalizations ([@B29]). In a randomized control trial lead by Phrommintikul et al. a 30 % decrease of MACEs over 1 year in patients with coronary diseases who were treated with inactivated influenza vaccine was observed ([@B43]). Also, pneumococcal vaccination can decrease the risk of CV events by 14% according to a meta-analysis; the best results were observed especially in the elderly with CV and pulmonary diseases, especially in the first year after vaccination ([@B44]). A review of 14 studies that included participants aged between 65 and 72 years, with moderate-severe COPD, found that the prophylactic antibiotic treatment decreased the frequency of COPD exacerbation/person/year by 33% (rate ratio 0.67; 95% CI 0.54--0.83), and continuous or intermittent antibiotic use may be more efficient than pulsed therapy. However, prophylactic antibiotics did not have a significant effect on frequency of hospitalization, serious adverse events, all-cause mortality, or the loss of lung function during the study period (three to 36 months) ([@B45]).

Evidence for Specific Risk Factors Common to CVD and COPD {#s4}
=========================================================

Cigarette Smoking
-----------------

According to the most recent data from Center for Diseases Control and Prevention, the risk of coronary heart disease (CHD) mortality due to smoking is increased by almost four times for middle-aged men, and by almost five times for women. The risk of dying from COPD due to smoking is increased by 17 times for men, and by 12 times for women. From 2005-2009 period, among smokers aged 35 years and older, the annual cigarette-smoking related mortality in the U.S. was 151,000 for CVDs and 100,600 for COPD ([@B65]). Current smoking status increased by 2 times the risk of ICU admission of the patients with COPD exacerbations due to influenza in the Canadian study mentioned above that used the SOS database ([@B29]). According to a meta-analysis of 141 cohort studies, women have a higher risk of CHD with smoking than men. After adjustment for multiple confounders, the relative risk (RR) of CHD was 1.74 for men who smoked one cigarette per day, and 2.27 for men who smoked 20 cigarettes per day. Among women, the RR of CHD was 2.19 for smoking one cigarette per day and 3.95 for smoking 20 cigarettes per day ([@B28]). The risk of CVD and COPD is higher with duration of smoking than with number of cigarettes smoked per day and the composite index of pack-years ([@B30], [@B31]).

More than 7,000 chemical compounds (USDHHS, 2010) are found in cigarettes that can affect the immune system. These include direct carcinogens, toxins \[e.g., carbon monoxide \[CO\], ammonia, acetone, nicotine, and hydroquinone\], reactive solids with chemically catalytic surfaces, and oxidants (e.g., superoxide and nitrogen oxides) ([@B66]). Smoking diminishes forkhead box PC (FOXP3), a transcription factor essential to the development of competent regulatory T cells in human airways ([@B67]). Lungs of smokers have reduced cilia, stimulated epithelial cells and macrophages, and increased neutrophils ([@B68]). Also, cigarette smoking promotes hypercoagulable states and narrowing of the vascular lumen that increase the risk of acute thrombosis ([@B69]). Oxidants contained in cigarettes contribute to atherosclerotic plaque formation by accentuating endothelial dysfunction, oxidizing of low-density lipoproteins (LDL) and activating platelets ([@B70]). During the periods of acute exacerbation of COPD, inflammation could induce plaque rupture, and MACEs. In spite of the pro-inflammatory effect of smoking, smoking can also induce (paradoxical) anti-inflammatory effects owing to its oxidant, CO, nicotine, and some aromatic contents that can modify transcriptional programs and extracellular matrix ([@B66]).

Many studies assessed the benefits of sustained smoking cessation on CVD and COPD, but is not clear how smoking cessation can affect the risk of MACEs after COPD exacerbations. The Survival and Ventricular Enlargement (SAVE) trial, which analyzed the risk of recurrent events after MI, has revealed at the 6-month follow-up that smoking cessation was associated with a 43% decrease in all-cause mortality, a 32% decrease in the risk of death or recurrent MI, and a 35% decrease in the risk of death or heart failure hospitalization ([@B46]). In the Multiple Risk Factor Intervention Trial (MRFIT), the relative risk of death from CHD was decreased by one-third in smokers who quit for 1 year and by almost two-thirds in those who quit for 3 years ([@B47]). Although some studies noticed not only decreased but also increased hospitalization in COPD patients who quit smoking for \<5 years ([@B71]), smoking cessation may improve the pulmonary function, even in intermittent quitters ([@B72]), and can decrease the risk of acute exacerbations of COPD over time. A study of 23,971 veterans with COPD from the US has shown that the risk of COPD exacerbations was not affected in the first 5 years of smoking cessation, but it was decreased by 16% after quitting for 5--10 years, and by 35% for those who had quit for longer than 10 years ([@B48]).

Air Pollution
-------------

Recent studies have shown that exposure to small particulate matter of 2.5 microns or less in diameter (PM2.5) and ozone, may have destructive effects in both the lung and heart, consequently increasing mortality due to cardiovascular and respiratory causes. The WHO estimates that in 2016 ambient air pollution caused 7 million pre-mature deaths worldwide, with 58% of deaths being related to ischemic heart disease and strokes, while 18% of deaths were due to COPD ([@B32]). A study across China concluded that over 1.3 billion people have high health risks associated with exposure to ambient fine particulate matter (PM2.5) ([@B73]). A representative cohort of the adult U.S. population from National Health Interview Survey (NHIS) data has found that after adjustment for individual risk factors, including smoking, the risk for CVD mortality was 34% higher with 10-μg/m^3^ exposure increment of PM2.5 ([@B33]).

However, the mechanisms of how air pollutants raise CVD and COPD mortality are not very well-elucidated. Experimental models noticed that air pollution causes an inflammatory process in peripheral airways and alveoli as well as atherosclerotic plaques progression in coronary artery. Mills et al. noticed that men with stable ischemic heart disease exposed to dilute diesel exhaust for 1 h during exercise had a considerable elevation in neutrophils, mast cells, CD4+, and CD8+ T lymphocytes as well as an increase expression of endothelial adhesion molecules ICAM-1, VCAM-1, and LFA-1 in bronchial tissue at 6 hours after exposure ([@B74]). The rabbits exposed to particulate matter even showed a positive correlation between atherosclerotic plaque volume, plaque vulnerability as well as systemic and lung inflammation ([@B75]). Kido et al. noticed a systemic inflammatory process and acute endothelial dysfunction of blood vessels in mice exposed to particulate matter. The integrity of the vascular endothelium was established after removing IL-6 that is an inflammatory mediator ([@B76]).

However, there are studies that show that the measures that prevent air pollution can also reduce COPD prevalence. A systematic review and meta-analysis of experimental studies revealed that improved cookstoves may decrease the risk of COPD in women by 26% ([@B49]).

Hyperlipidemia
--------------

Numerous studies found that high levels of LDL-C and/or low levels of high-density lipoprotein-cholesterol (HDL-C) increase the risk of coronary atherosclerosis by enhancing endothelial dysfunction and inflammatory pathways in vascular endothelium. Recently, there is increasing evidence that lipoprotein (a) \[Lp(a)\] ([@B77]), as well as high triglycerides in low density-lipoprotein (LDL-TG) ([@B78]), are independently associated with increased incidence of CVD and that non-HDL-C is a better indicator of CVD risk than LDL-C, especially in patients with hypertriglyceridemia ([@B79]). The Framingham Heart Study Offspring Cohort has concluded that after adjustment for covariates, the odds of having CVD was 30% higher when low HDL-C was accompanied by either higher TG or higher LDL-C, and 60% higher when both TG and LDL-C levels are elevated ([@B34]). According to an analysis of 36 retrospective studies, the risk of CVD is also increased by 13% for each 3.5-fold increase in Lp(a) ([@B35]).

While there is a well-established relationship between hyperlipidemia and CVDs, the relationship between hyperlipidemia and COPD is not as well-established. One study found that among 48 patients with COPD and 32 controls, mean serum levels of ox-LDL were significantly higher in COPD patients, especially in those with GOLD Stage IV (18.62 ± 7.56 mU/L) than in controls (12.57 ± 5.90 mU/L, *P* = 0.05) ([@B36]). A cross-sectional study on 100 subjects found that patients with severe and very severe COPD had increased level of blood cholesterol and LDL, as well as low HDL. The highest levels levels of cholesterol (6.16 ± 1.5 vs. 5.61 ± 1.1, *p* = 0.039) were noticed in patients with very severe COPD ([@B80]). In contrast, Basil et al., in a study on 90 patients with COPD and 90 controls, did not find a significant difference of HDL-C, LDL-C, and TG between COPD patients and controls, and surprisingly, COPD patients had lower serum levels of Apo B-100 (*P* \< 0.0001) and Lp(a) (*P* \< 0.003) ([@B37]). Moreover, a retrospective study of 2,982 subjects, using the Taiwan National Health Insurance database found that among patients with COPD, hyperlipidemia was associated with 36% decreased incidence of mortality ([@B38]).

However, recent studies indicate that lipids can contribute not only to pathogenesis of CVD, but also of COPD. Ox-LDL stimulates numerous transcription factors with role in atherogenesis as well as COPD pathogenesis, increases ROS production and pro-inflammatory cytokines, and potentiates atherogenesis by penetrating vascular intima where increases the chemotaxis of neutrophils, eosinophils and monocytes ([@B36], [@B81], [@B82]). Vascular cell adhesion molecules 1 (VCAM-1) and intracellular adhesion molecule 1 (ICAM-1) stimulated by modified lipoproteins facilitate the transendothelial migration and attachment of inflammatory cells to endothelial cells ([@B83]). Like LDL, triglyceride-rich lipoproteins (TRL) potentiates atherogenesis by penetrating arterial intima and formation of fibrofatty lesions. But in contrast to LDL, TRL can be taken directly by arterial macrophage without previous oxidation ([@B84]). When plaque is ruptured, the lipids are extruded into the arterial lumen, inducing vasospasm and thrombus formation. Studies suggest that in COPD pathogenesis could also be involved lipid alterations such as promotion of fatty acid oxidation pathway, high levels of cholesterol or oxidizing cholesterol, an increased apoptosis of pulmonary epithelial cells induced by upregulation of ceramide, a dysregulated lipid metabolism of macrophages that decreases phagocytosis, and high levels of catabolic lipid mediators ([@B85]).

Nevertheless, there is ample evidence to indicate that improved control of hyperlipidemia reduces the risk of CVD, although it is not clear if tight lipid control could improve COPD evolution and decrease the risk of MACEs after COPD exacerbations. A meta-analyses of 26 randomized trials has shown that a 1.0 mmol/L reduction in LDL-C was associated at the 1-year follow-up with a 24% reduction of major coronary events and a 15% reduction of stroke. The greater benefits were observed with a higher reduction of LDL-C, even down to 1--2 mmol/L ([@B39]). Moreover, genetic mutations noticed a bigger reduction in CVD risk with a reduced lifelong LDL-C. The incident of CHD was decreased by 88% for mutations that decreased LDL-C by around 1 mmol/L (40 mg/dL), and by 50% for mutations that reduced LDL-C by 0.5 mmol/L (20 mg/dL) ([@B86]).

Diabetes Mellitus (DM)
----------------------

Abundant studies have revealed that patients with DM have two to six times higher risk of deaths from CVD compared to persons without DM ([@B87]). On average, CVDs are responsible for 52% of deaths in patients with type 2 diabetes mellitus (T2D) and 44% of deaths in patients type 1 diabetes, with a difference between sexes ([@B88]). A meta-analysis of 64 cohorts revealed that compared to men, women with DM have a 44 % higher risk of CHD, and a 27% higher risk of stroke ([@B40], [@B89]). DM may also be an independent risk factor for COPD. The Fremantle Diabetes Study, where 125 patients with T2D without history of lung disease, were evaluated by spirometry at baseline and followed for \~7 years, has found that the FEV~1~ was reduced in average by 71 mL/year for patients with T2D, although usually, FEV~1~ decreased by 25--30 mL/year in healthy non-smokers ([@B90]). The SOS study noticed that among the patients with COPD exacerbation due to influenza, the risk of ICU admission was increased by 3.5-fold for patients who had associated DM with end-organ complications and by 1.7-fold for patients with DM without end-organ complications ([@B29]).

Many studies have concluded that DM can cause biochemical changes in the structures of lung and heart tissue due to systemic inflammation, oxidative stress, or from the direct damage caused by chronic hyperglycemia. Accumulation of advanced glycation end products in the heart of patients with DM may cause myocellular hypertrophy and myocardial fibrosis from diabetic cardiomyopathy ([@B91]). Also, high blood and tissue concentrations of glucose may increase the responsiveness of airway smooth muscle cells to contractile agents, due to increased activation of the Rho-kinase pathway that mediates myosin-actin contractility, which in turn may contribute to accelerate the decline of FEV~1~ ([@B92], [@B93]).

The Diabetes Control and Complications Trial (DCCT) has noticed that for patients with type 1 DM, a tight glycemic control significantly decreased the risk of any MACEs by 42% and the risk of non-fatal MI, stroke, or death from CVD by 57% ([@B50]). In contrast, a retrospective case-control study using a long-established English general practice network database (*n* = 894,646) has found that over 8 years follow-up period, people with T2D had an 11% reduced risk of COPD vs. those without T2D (HR 0.89, 95%CI 0.79--0.93) ([@B94]). However, the benefits of tight glycemic control on MACEs after COPD exacerbation are not very well-documented.

Hypertension (HTN)
------------------

HTN is the most important risk factor for CVDs, causing about 54% of all strokes and 47% of all CHD events across the world ([@B41]). A meta-analysis of 61 prospective observational studies of blood pressure has noticed that in blood pressure higher than 115/75 mmHg, for every 20 mmHg systolic or 10 mmHg diastolic increase in blood pressure, there is a doubling of CVD mortality ([@B42]). Also, there are studies that have shown that HTN is highly associated with COPD. For example, 90% of COPD participants with risk factors or history of CVD in the SUMMIT trial had HTN ([@B15]).

Hypertension may induce structural alteration of the left atrium and ventricle as well as of the vascular system and contribute to atheromatous plaque progression ([@B95]). Also, patients with COPD have an increased arterial stiffness that has been attributed to protease-antiprotease imbalance (responsible for emphysematous COPD), accelerated elastin degradation, systemic inflammation, altered redox balance, advanced glycation end products, and activation of renin-angiotensin-aldosterone-system ([@B96], [@B97]). Increased angiotensin II not only that contributes to vasoconstriction, heart hypertrophy, inflammation and fibrosis, but also may affect the lung by stimulating NADPH oxidase to generate ROS ([@B98], [@B99]).

According to several clinical trials, tight blood pressure control may reduce by 50% the risk for heart failure, by 35--40% for stroke, and by 20--25% for MI ([@B51]). The SPRINT trial found that patients with high CVD risk, but without diabetes, had a more accentuated reduction in the rates for fatal and non-fatal major cardiovascular events and deaths from any causes when they had a blood pressure of \<120 mmHg, compared to those who had \<140 mmHg ([@B100], [@B101]). However, further studies are needed for revealing the benefits of low blood pressure in the prevention of MACEs in patients with COPD.

Physical Activity
-----------------

There are observational studies that have noticed an important increase in hospitalization and/or mortality rates in COPD patients with a low level of physical activity ([@B102], [@B103]). Early supervised pulmonary rehabilitation could be an effective intervention for the reduction of mortality following hospitalization for an AECOPD. A meta-analysis has found that early rehabilitation in COPD patients was associated with a 42% relative risk reduction in mortality, 53% risk reduction in hospital readmission related to COPD, and a shorter period of hospitalization by 4.27 days ([@B104]).

Medication Issues {#s5}
=================

Although the beneficial effects of beta-blockers are well-established in CVD, their benefit in COPD is uncertain. The underuse of β-blockers in patients with COPD may be an important factor by which COPD is associated with a residual risk of MACEs ([@B4]). Recently published reviews report an association between the use of β-blockers and improved survival in COPD patients with heart failure, MI, CVD, and HTN. A meta-analysis of fifteen observational cohort studies with a follow-up time from 1 to 7.5 years has revealed that beta-blocker treatment significantly reduced the relative risk (RR) for overall mortality by 28%, and for COPD exacerbations by 37%. For patients who had CHD or heart failure associated with COPD, the risk for overall mortality was decreased by 36 and 26% respectively ([@B105]). Dransfield et al., who examined data from 16,485 participants in the SUMMIT study have shown that baseline β-blocker therapy does not reduce the respiratory benefits of inhaled bronchodilators, or increase the cardiovascular risk of inhaled long-acting β-agonists in patients with COPD, who also had and heightened cardiovascular risk ([@B106]).

Recent research has increased the awareness of the initiation of the treatment with long-acting inhaled β-agonists and anticholinergics in patients with COPD. Gershon et al., conducted a nested case-control analysis of a retrospective cohort study on 191,005 patients from Ontario Health care database and found a 17% increased risk of a MACEs with the incidentally use of long-acting inhaled β-agonists and anticholinergics compared with non-use of those medications ([@B107]). In a meta-analysis, inhaled anticholinergics were associated with statistically significant increased the relative risk of MI by 52% and of cardiovascular death by 92%, without a statistically significant increase in the risk of stroke ([@B108]). Another meta-analysis that compared tiotropium Soft Mist Inhaler, tiotropium HandiHaler, long-acting β2 agonists (LABAs), inhaled corticosteroids (ICS), and LABA-ICS has found that only tiotropium Soft Mist Inhaler had an evident risk of CVD deaths, especially in patients with severe COPD ([@B109]).

Since hyperlipidemia is an independent risk factor for CVD, and since many patients with COPD die of CVDs, statins could have benefit in reducing mortality. Some authors suggest that statins, in addition to decreasing of serum cholesterol, may have anti-inflammatory effects on both pulmonary and systemic inflammation through inhibition of guanosine triphosphates and nuclear factor-κB that controls activation of inflammatory and matrix remodeling pathways ([@B110]). A meta-analysis of 15 articles with a total of 238,459 participants with COPD found that the use of statins was associated with a 31% reduced risk of MI (HR 0.69, 95% CI 0.49--0.99), but not of CVD mortality ([@B111]). Furthermore, this meta-analysis found a protective effect of statin treatment on the risk of COPD exacerbation with or without hospitalization, decreasing the risk by 36% (HR 0.64, 95% CI 0.55--0.75). This is in contrast with the randomized, controlled STATCOPE trial, published in 2014, involving almost 900 patients with COPD, but no patients with CVD, diabetes or those who were taking statins. The study showed no benefits of daily simvastatin treatment for reducing COPD exacerbation rates, or time to first exacerbation in high-risk patients ([@B112]).

Strengths and Limitations {#s6}
=========================

The main strength of this review is the comprehensive review of mostly observational and some limited clinical trial evidence on the relation different risk factors have both on CVD and COPD as well as the synergic effect of those risk factors with the acute exacerbation of COPD in initiating MACEs. We have also discussed putative mechanisms explaining how certain shared risk factors may also affect COPD. One limitation is the lack of intervention trials testing individual or composite risk factor interventions on CVD outcomes specifically in COPD patients.

Future Directions {#s7}
=================

Research on the association and impact of shared risk factors between COPD and CVD is crucial because currently there are no proven methods of COPD prevention, except for smoking cessation. More studies are required to see if a tighter control of traditional CV risk factors may reduce MACEs in patients with COPD. If this is the case, we may consider specific targets and strategies that would apply for COPD patients with respect to control of blood pressure, HgA1c, and LDL. Tight glycemic control of diabetic patients with COPD may be even more important than the treatment of hyperlipidemia or hypertension control in reducing vulnerable plaque rupture following an episode of acute exacerbation of COPD. Recently, it was found that systemic inflammation plays a role in connecting all of these conditions together. Thus, we may be able to better manage morbidity and mortality in COPD patients by treating the composite risk factors shared by these conditions. Because there are no known ways to cure or reverse COPD, early screening and education on modifiable risk factors is essential in reducing the burden of COPD.

Conclusions {#s8}
===========

Behavioral, metabolic, infectious and environmental risk factors are involved in the pathogenesis of both, COPD and CVD, and may help explain the increased risk of MACEs in COPD patients. There is a lack of prognostic predictors for COPD, except for spirometry measure and symptoms. Spirometry, in particular, is largely under prescribed. Missed diagnosis and severity stratification, combined with incomplete knowledge of adverse drug events lead to under-treatment of patients with both COPD and CVD. Moreover, pulmonologists do not typically perform appropriate CVD risk assessment in their COPD patients. Greater investigation and tight control of the risk factors that are responsible for many biochemical-physiological processes involved in CVD and COPD may result in the development of guidelines for therapeutic interventions aimed at decreasing MACEs after COPD exacerbations. There is an urgent need to consider methods to prevent these events by modifying CVD risk factors, and also changing lifestyle. We have previously demonstrated a strong association of global risk scores with the severity of COPD, and that their use improves risk stratification of patients with COPD. Also, the use of global risk scores such as the ASCVD Pooled Cohort Risk Calculator can be applied to determine their 10-year and lifetime risk of CVD and who may benefit from appropriate preventive therapies of CVD. We need to find out whether more tight control of risk factors in COPD may improve CVD outcomes. Thus, the use of appropriate CVD risk assessment in patients with COPD is important for identifying who may need appropriate CVD preventive therapies to prevent CVD death following exacerbation related sudden death and for predicting the long term survival of COPD patients.
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